WILLIAMSON ET AL 
Appl. No. 10/536,804 
Atty. Ret: 620-373 
Amendment After Final Rejection 
December 24, 2008 

REMARKS 

Reconsideration is requested. 

The specification has been revised to include a revised Sequence Listing 
containing the nucleotide and amino acid sequences of AB0007867.1 which can be 
found at the following internet site: 

http:/Vwww.ncbi.nlm.nih.qov/entrez/vievver.fcqi?db=nuccore&id=2662094. The attached 
paper and computer readable sequences are the same. No new matter has been 
added. 

The specification has been revised to correct an inadvertent typographical error. 

Claims 76-114 are pending. Claims 76-105 and 112-114 have been withdrawn 
from consideration. Claims 1-75, 107, 108 and 110 have been canceled, without 
prejudice. Claims 106, 109 and 111 are under active consideration. 

The Section 112, second paragraph, rejection and the Section 112, first 
paragraph "written description", rejection of claims 106, 109 and 111 are believed to be 
obviated by the above amendments. Entry of the present Amendment will obviate this 
rejections and therefore at least reduce these issues for appeal. Entry of the present 
Amendment and withdrawal of these Section 112, rejection are requested. 

The Section 112, first paragraph "enablement", rejection of claims 106, 109 and 
1 1 1 is traversed. Reconsideration and withdrawal of the rejection are requested in view 
of the following comments and the attached Wong et al ("Plexin-B1 mutations in 
prostrate cancer" PNAS November 27, 2007, vol. 104, no. 48, 19040-19045). 
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The Examiner is understood to believe that the specification lacks experimental 
data which shows that the claimed mutations are involved in the etiology of cancer, so 
one of skill in the art could, according to the Examiner, not predictably use the claimed 
methods for identification of an anticancer drug without undue experimentation. 

The Examiner is requested to see the attached Wong et al, which is a peer- 
reviewed publication co-authored by the present inventors which contains the mutation 
data which is set out in the instant specification. Wong et al also contains additional 
data which shows the functional effects of four separate plexinBI mutations (A5359G; 
A5653G; T5714C and C5060T) in cultured cells. 

All four plexinBI mutants were shown to decrease the shrinkage or collapse of 
COS-7 cells relative to wild-type plexinBI (Wong et al; figure 3c) and to significantly 
increase the adhesion of HEK293 cells relative to wild-type plexinBI (Wong et al; figure 
3d). 

Furthermore, plexinBI mutation was also shown to significantly increase the rate 
of migration of HEK293 cells relative to wild-type plexinBI (Wong et al; figure 4a) and to 
increase the invasive capacity of HEK293 cells relative to wild-type plexinBI (Wong et 
al; figure 4b). Expression of plexinBI mutants in HEK293 cells was also shown to 
significantly increase the percentage of cell spreading and average cell size relative to 
expression of wild-type plexinBI (Wong et al; figures 5a and 5b). 

In addition, mutation of plexinBI is also shown to inhibit RacGTP and R-Ras 
binding (Wong et al; figures 5c, 6a and 6b), which may contribute to the observed 
increase in cell adhesion and motility (Wong et al; page 19044 col 1 2nd para). 
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The functional data set out in Wong et al provides further confirmation that 

plexinBI mutation is functionally important in the etiology of cancer, and in particular 

cancer progression. For example, Wong et al states at page 19044 col 1; 

Together these results suggest that Plexin-B1 has a role in 
prostate cancer progression. 

Wong et al further state the following at page 19044 col 2; 

Plexin-B1 is likely to be a key player in cancer invasion and 
metastasis and is a potential target for anticancer therapy. 

It is therefore evident that plexinBI mutations are involved in the etiology of 
cancer. The claimed methods could therefore be predictably used by one of ordinary 
skill in the art for identifying a compound as a putative anti-cancer agent. 

The claims are submitted to be supported by an enabling disclosure. Withdrawal 
of the Section 112, first paragraph, rejection is requested. 

The claims are submitted to be in condition for allowance and entry of the 
present Amendment and a Notice of Allowance are requested. The Examiner is 
requested to contact the undersigned, preferably by telephone, in the event anything 
further is required in this regard. 
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Respectfully submitted, 
NIXON & VANDERHYE P.C. 


By: IB. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 

BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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Semaphores ai 
proteins that a 


a large class of secreted or membrane-associated 
as chemotactic cues for cell movement via their 
eceptors, plexitis. We hypothesized that the func- 
tion of the semaphorin signaling pathway in the control of cell 
migration could be harnessed by cancer ceils during invasion and 
metastasis, We now report 13 somatic missense mutations in the 
cytoplasmic domain of the Plexin-BI gene, Mutations were found 
in 89% (S of 9) of prostate cancer bone metastases, in 41 % (7 of 17} 
of lymph node metastases, and in 46% (41 of 89) of primary 
cancers. Forty percent of prostate cancers contained the same 
mutation. Overexpression of the Plexin-BI protein was found in 
the majority of primary tumors. The mutations hinder Rac and 
R-Ras binding and R-RasGAP activity, resulting in an increase in cell 
motility, invasion, adhesion, and lamellipodia extension. These 
results identify a key role for Plexin-B1 and the semaphorin 
signaling pathway it mediates in prostate cancer. 


j Rac | semaphorin 


Semaphoring are a Uupe s of .so reted oi membrane- 
associated proteins that act as chemotactic cues for eel! 
migration and axon guidance (1). Although best characterized in 
the nervous v -i in U, tu ■ <L ■. iormj m other tissues 
where they have a role in angiogenesis, organogenesis, and 
immune cell regulation (2, 3), Semaphores inhibit inte^rm- 
mediated adhesion (4) and act as chemorepellants, although 
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Semaphorin 4D (Sema4D) is the ligand for Plexin-BI and is 
" \ ■ 1 Jtd in both membrane-bound and secreted forms (6. 8), The 
cytoplasmic domain of piexins is conserved between piextn family 
members bu: i \ i 1 1 to ti receptor proteins (I and 
lacks intrinsic tyrosine kinase activity. Plexitis have a role irt the 
regulation of the actin cytoskeleton, controlling the activity of the 
small GTPases, Rndl, R-Ras, Rac, and Rho (9-12). Plexitis also 
interact with and activate the receptor tyrosine kinases. BrbB2 (1.3) 
and c-Met (14), Plexitis activate many eharacteristics of the invasive 
phenotypc sten itnui ji ti i i uduting changes m e\ti a 
cellular matrix (ECM) adhesion, motility, scatter, and branching 
morphogenesis (J 5, l(>>. Prostate cancer is the second leading cause 
i n i a i t i it i n men in the U.S. and U.K. 

We hypothesized that the function of the semaphorin-signaling 
pathway in control of cell migration could be harnessed by the 
cancer ceil during invasion and metastasis. Our findings suggest that 
mutation or overexpression of the Ple.vin-Rl gene contributes to 
prostate cancer progression, 

Results 

Mutation of Plexin-B1 in Prostate Cancer Cell Lines. We hypothesized 
that mutations in the cytoplasmic domain of die semaphorin 
receptors, plexitis, would be most likely to affect semaphorin 
signaling. We therefore focused our screen for mutations on 
stretches of the rccceior genes encoding the cytoplasmic domain. 


from the human prostate cancer cell lines PC3, Dims, and 
LNCaP. A single nucleotide change (A5359G) was I i 
Plexin-BI in LNCaP, which potentially changes threonine 1697 to 
an alanine. The A5359G mutation alters "a Bst'/.m site, and 
(.4un iti i ' 1 1 t J in i n n-it- - 1 rnti i i id W f restric- 
tion digest: products (Fig. 1 a and h), as well as the genomic DNA 
sequence, suggi 1 tint I i un ' n a in t\ o of the three 
copies of chromosome 3p in LNCaP eehs, 1 ,NCaP was derived from 
a pa lien I of 1 an< isi.in origin :md tnt sequence hange was absent 
from the DNA of 60 control individuals of a similar genetic 
background, The rest of the Plexin-BI cDNA was sequenced in 
PC3. DU145, and LNCAP, and no further mutations were found. 
Quantitative RT-PCR showed high levels of Plexin-BI in LNCaP 
(Fig. lc) relative to the other prostate cancer cell lines lacking a 
mutation. 

Mutation of Plexin-B1 in Clinical Samples of Prostate Cancer. SSCP 

l !-, IM,l,Uhl -is 2-2 it 1 \ I p i-,11 1 i I 

of the Plexin-BI gene in DNA microdissected from tumor tissue. 
Aberrant bands were excised from the gel and sequenced (Fig. 2). 
Nine prostate cancer bone metastases were screened, ntid 17 
further missensc mutations were found in eight (89%) of the 
samples. The mutations were absent from uninvolved tissue of the 
same patient where available (seven cases) sail Lire therefore 
somatic [Table land supporting mli.i i. ui .<i iS'i I i : "j Seventeen 
lymph node metastases contained nine missense mutations in 7 of 
17 (41%) of the samples (Table 1 and SI Fig. 7). Eighty-nine 
primary prostate tumors treated by radical prostatectomy were 
screened, including DNA from 9 samples of fresh tissue, and 
mutations were found in 41 of 89 (46%) samples (Table 1 and SI 
Fig. 7), including 5 of 9 samples of fresh tissue (Fig. 2a). 

DNA was also e I rac ed rt •'<■ right samples of adjacent mor- 
phologically normal fresh tissue from the same patients as the fresh 
primary tumor samples. Two of eight apparently normal tissue 
samples contained a mutation. In both cases, the same mutation 
was present in the tumor and the adjacent histopathologically 
defined normal tissue. These findings suggest that, although retain- 
ing a normal morphology, the tissue may contain early changes 
associated with the development of prostate cancer or that 
contaminating tumor cells are present, as observed in other stud- 
ies (17). 

Mutations were confirmed by direct sequencing [i.e., amplifica- 
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Fig. 1. Plexin-BI expression in prostate cancer, (a) RT-PCR and BstZ171 
restriction enzyme digestion of RMA from PC3 (lane 1), LNCaP (lane 2), and 
DU145(iatt h. 1 Jtdtion in LNCaP destroys a Bst217l site. Band 

sizes in base pairs are shown, (b) PCR of genomic DNA and BstZ171 restriction 
enzyme digestion. Shown are undigested DNA (lane 1), PC3 DNA digested 
with BstZ171 (lane 2), and LNCaP DNA digested with BstZ171 (lane 3). The 
A5359G mutation in LNCaP destroys a BstZI 71 site, (c) Quantitative RT-PCR of 
RNA from LNCaP, DU145, and PC3 ceils. Results are the average of three 
independent RNA extractions normalized to PC3 expression, (d) Nonneoplas- 
tic </ and <i) and primary cancer tf/gnd nv> tissue stained with H&E (( and Hi) or 
antibody to Plexin-BI ill end iv). (Magnificatior, <4C0.) (e) Nonneoplastic (/) 
and primary cancer (ii) tissue stained with antibody to SetnafD. (Magnifica- 
tion, X400.) (f) Quantitative R T --C~{ of RNA from paired samples of nonneo- 
plastic tissue and primary cancer from the sEm? patient (patients 1-6) nor- 
malized to nonneoplastic tissue from patient 1, 


tor primary 

rs (Table 1). 
of 26 (35%) 
mutation is 
edicted serine/ 





m 

, i. 1 ' 


(OS' 


s of n 


• t 


d DNA fl 


•2).T 


a primar 


arrow contains the C5060T sequence change, (Ii) S5CP ar 
nant DNA (iane 1) and DNA from a primary prostate cancer from fresh-frozen 
tissue (iane 2). The band marked with arrows containsthe A5653G mutation. 
(Hi) SSCP analysis of nonmatignant DNA (iane 1) and DNA from a prostate 
cancer lymph -coa "aerasaasis (lane 2). The bands marked wfih a rrov/s contain 
the A5653G mutation. (6) Mutations in the Plexin-BI gene. (/) Normal DNA 
sequence, (if) Sequence of a SSCP band showing the A5653G mutation. (Hi) 
Direct sequence of DNA from a metastasis in the same patient as in hii, 
showing rhe A5653G mutation. 


i i wn, Man * i tumor vs. noi neoplastic, for 
both extent and intensity), Expression of Plexin-BI was found in 
77% (65 of 84) of prostate tumors and 6% (5 of 83) of nonneoplastic 
tissue from the same patients. AH nonneoplastic cores were from 
patients diagnosed with prostate cancer. Consequently, the five 
cases of nonneoplastic tissue that did stain for Plexin-BI may have 
had early changes associated with prostate wmw, although retain- 
ing normal morphology as has been described in other studies (20). 
Quantitative RT-PCR performed on paired samples of nonneo- 
plastic and primary cancer showed increased expression of 
Plexin-BI in the cancer samples relative to nonneoplastic tissue 
from the same patient (Fig. 1/). These results suggest that the 
increased protein staining observed in the primary cancers results 
led RNA levels and not from altered protein stability. 
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Some of the mutations were present in many tut 
One mutation, A5653G (Thrl795AJa), was found ii 
metastases and 38 ot ^ ( -, pm at y cancers, T 
predicted to result in the loss of a com 
threonine kinase phosphorylation site, C5060T (Prol597Leu) was 
found in five metastases and in four primary cancers, and mutation 
of the adjacent nucleotide (C5059T), which changes the same 
amino acid to serine, was found in three metastases and one 
primary cancer. T5714C (Leul815Pro) was found in three metas- 
tases and in two primary tumors. S u 11 i -tuples analyzed 
contained more than one mutation, as has been observed previ- 
ously for other genes in prostate cancer (18, 19), The sequence 
changes were absent from the DNA 4 it 1 i i <i mtroJ id il 
of a similar genetic background in all cases. Many of the mutations 
found in prostate cancer are at sites conserved during evolution, 
suggesting functional significance (SI fable 2). 

Expression of Piexin-B1 in Prostate Cancer. To investigate the levels 
of expression of Plexin-BI in prostate cancer, four replicate tissue 
microarrays (TM As) of 85 samples of primary prostate cancer and 
85 samples of nonneoplastic prostate tissue from the same radical 
prostatectomy specimens were stained for Plexin-Bi (Fig. Id). A 
significantly higher proportion of cores stained positive for 
Plexin-BI protein compared with the corresponding nonneoplastic 
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of Plexin-BI, by immunohisto- 
chemistry (Fig. le). Cell-surface expression of SemalD was found 
in the basal epithelial ceils of nonmalignant prostate tissue but was 
absent from the luminal cells. High levels of Sema4D cell surface 
staining were seen in prostate cancer cells, demonstrating a cancer- 
cell-associated overexpression of Sema4D (P < 0,001, Mann- 
Whitney, tumor vs, nonneoplastic, for both extent and intensity). 
Positive staining was found in 53% (49 of 81) of prostate cancers 
and 3,5% (3 of 84) of nonneoplastic tissues, A significant correla- 
tion was also seen between Plexin-BI and Sema4D staining in the 
tumor samples (P < 0.001, Mann-Whitney). The same tumor cores 
also showed high levels of c-Mct expression (data not shown). 

Functional Significance of Mutations in Plexin-BI. To determine 
whether the mutations in Plexin-BI found in prostate cancer 
metastases have an effect on cell function, cDNA constructs were 
made encoding WT Plexin-BI and four mutant versions of the 
protein. The mutants investigated were the three most frequently 
found in prostate cancer metastasis, (C5060T, A565MX and 
T5714C) and that found in LNCaP (A5359G). 

Mutation of Plexin-BI Decreases Cell Collapse. In the presence of 
Rnd, stimulation of Pies in-B'l wilh Sena4D results in a transient 
cell shrmkdLc ■ i c ^Us o 11 1 10. To determine the 
effect of Plexin-BI mutations on this standard test of plexin 
function (21), COS-7 cells were transiently transfected with Rndl 
and WT or mutant Plexin-BI, and the cells were stimulated with 
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Table 1. Mutations in prostate c; 


Nucleotide Amino a< 

C50S9T P1597S 

GS0V4A* Gmm 

T5401A 
CS468T* 
A5474G* 
A5596G 

C5662T 

T5714C* 
CS980T 

Total 


Fmti 

T1733! 
N1735S 
T1776A 
T1795A 
P179SS 
T1802A 
L1815P 
R1904W 


Bone metastases (total of 9} 


IN metastases (total of 17) 
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* Mutation absent fr 
r DNA from frozen tissue. 
'Includes five samples of DNA fro 


e not determined. 


> n. I J. • M..^iun of Rndl and WT Plcxirt B L an«t treatment 
with Sema4D for 5 in l n resulted in an increase in eel! collapse as 
expected (Fie, 3c). Irs contrast, transient expression of all four 
PI 1 1 I ml i I a Ml. a, 'I i 1 p I i t lit C.ii 

collapse relative k> expression af WT Plexin-Bl (/" -a (1,05, Fig. 3c). 
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Fig. 3 


n-B1 ger 


adhesion, (a) Lentiviral-transduced HEK293 cells expressing WT Plexin-Bl (/), 
r5714C(/i), or C5060T mutants {Hi), showing ceii-sur face e«p-ession. Cells were 
stained for Plexin-B1 (TRITC) and actin (FITC-phalloidin). (Scale bar, 10>m.) (b) 
(fl Western blot of ientivlral-transduced HEK.293 cells infected with vector 
(Vec), WT, or mutant Plexin-B1, selected using biastiddin, and detected by 
anti-Piexin-81. ((7) Western blot of purified Sema4D-Fc and Sema3A-Fc. (e) V 
and if) Mutations in Piexin-B1 inhibit celkoliapse, COS-7 cells transfected with 
Rnd-myc and mutant (A5359G) (f) or WT Plexin-B1 (ii) and treated with 
Sema4D. Cells were stained for rnyc (FITC) and Pfexin-B1 (TRITC), (Scale bar in 
I m O^fcicm c I =! id and P|exin-B1 

{WT or mutant) and treated wth Sema4D for 5 mirt. The size of cells trans- 
fected with both constructs was measured, and the percentage of cells <5G0 
p-m* was calculated using Andor software. The results are the mean of three 
independent experiments, with 50 cells sized per experiment. P s 0.05 (all 
1 r it s \T r mi cicir^Stl i M i I i lit. r 
adhesion. Shown is adhesion of lentiviral-transduced HEK293 cells expressing 
WT or mutant piexin-r, to fibronecin tor 1 0 rrir.. No Sema4D ; P s-0.005 (all 
mutants) vs. WT; with Sema4D, P * 0.01 (C5060T, A5653G, and T5714C) and 
P -s 0 05 (A5359G) vs. WT. 


aclh - 1 ;i I'M In >:-m itcct of four of the mutations found in 
.Plexin-Bl on cell adhesion, stabie 'l ! :ines expressing WT n 
mutant Plexin-Bl were made in HBK293 cells by lentiviral trans- 
duction. The ceil lines expressed similar levels of Plexin-Bl protein, 
and celt surface expression of WT and mutani Plexin-Bl was 
observed (Tig. 3 a and b). Expression of WT Plexin-Bl reduced 
idhesionoi HI L i r til i I ti I i . t n i 

10 and 3D min ai'e plating (Fig. W am >l ta Bin li it of 

Plexin-Bl by its ligand, Sema4D (6), results in clustering of the 
receptor (2 nt .."mi 3t LeL. P c >n -b mimics 

ligand binding (14) (SI Fig. 9c). Probably for this reason, the 
addition of Sema4D had little additional effect on adhesion. 
L r i t 1 i ii n l it i i i i rsed Ih r 

relative to WT Plexin-Bl after K> (P ts 0,005 ) and 30 min (P s 0.05) 
(Fie. 3r? and Sf I- if. %). The addition of Sema4D reduced adhesion 
for all four mutants, but levels remained significantly above WT 
(P < 0.05). fntegrin-independent adhesion to polyL-Iysine was 
negligible and was not affected by expression of any of the con- 
structs (SI Fig. 9b). 

Mutation of Ptexin-B1 Increases Cell Motility and Invasion. Plexin Bl 
expression reduces cell motility in NIB 3T3 and COS/ ceils (22, 24) 
and increases cell motility in cells expressing c-Met (14). To assess 
the effect of mutation of Plexin-Bl on cell motility, the rate of 
migration of HEK293 cells expressing WTor mutant Plexin-Bl was 
measured by time-lapse video microscopy. Expression of WT 
Plexin-Bl ledu id. 11 m t\ i- Mi d a i ontrols (Fig. 4a). 
Expression of all four mutants of Plexin-Bl significantly increased 
the rate of migration relative to WT Plexin-Bl (P s= 0.05, Fig. 4a). 
Mutation of Plexin-Bl also increased cell motility in transwell 
assays (P s 0.05) (SI Fig. \0a). Expression of WT Plexin-Bl 
reduced the invasive capacity of HEK293 cells in invasion assays 
through matrigel (Fig. 4b). In contrast, expression of four mutant 
versions of the gene increased the invas.xe capacity of the cells 
relative to expression of both WT and vector controls. (i° < 0.05 
vs. WT). 

Mutation of Plexin-B1 increases Cell Spreading. Expression of 
Plexin-Bl also blocks extension of lamelli podia after the 
plating of fibroblasts on fibronectin, as assessed by the per- 
centage of cell spreading (22). Expression of WT Plexin-Bl in 
0.3K2 >3 cells reduced both the percentage of cell spreading 
(defined as the percentage of cells >500 pm 2 ) and the average 
cell size 10 min after plating on fibronectin in the presence and 
absence of Sema4D, relative to a vector control, as expected 
(Fig. 5 a and b and SI Fig. lab). Conversely, expression of 
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n-z*.cjs c.rs expressing ni w or iiicuani (hsjjsu; in; 
n through matrigel. {Magnification, x250.) (///) Relative 
number of HEK293 cells expressing mutant or WT Pfexin-81 to Invadethrough 
matrigel-coated invasion chambers after 24 h. Expression of four mutant 
versions of the gene increased the invasive capacity of the cells relative to 
expression of WT Plexin-St (P < 0.05), The results are the means of five 
independent experiments performed in duplicate. 

similar levels of mutant Plexin-BI significantly increased the 
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m assay. (/) Coomassie blue stain ; nq of GST 
fusion proteins, (fr) Western blot analysis of cell lysate transact en with the 
indicated Rad proteins and detected byanti-myc. (wOtysates of HEK293T ceils 
expressing myc ^acL.M or rr-yc-P.acN 1 7 were usee in s p jM rinwn a<;<a y With 
GST- >exir-B1cytopls$mie domain (muan: or Vf?). Bouro proteins were an- 
aiyzec by inmt.rcc.'mtirp. with anti-myc antibody. i:v) Band intensities of 
GST-Piexin-81 pulltfcwn assays. The results are the average of five experi- 
ments :.- SEM normalized to WT wrtfi «.eclS1; P s 0.005 (A5S53G andT5714C) 
andP*: 0.05 (AS359G) vs. WT. 


Fig. 6, Mutation^ li ? ' x , II' il lid j I t • 

activity, (a). Interaction between Plexin-BI mutants and Rndl . Lysates from CC 
L exrirev-'nc rr" ] . ill v i I n , i .-c'/S;- =■ t GS": 
GST-Plexin-B1-Cyt mutants. Sound proteins and total-cell Sysates were analy; 
by immunoolotting with an antibody against GFP, (b) interaction b*w;i 
Plexin-31 mutants arid R-Ras. Lysates from COS-7 cells expressing the indica 
- 1 st VSV-G, and bo; 

proteins were an i I F s. HA and VSV-G. (c and 

R-Ras GAP activity. COS-7 cells transtected «*n the indicated plasmids w 
stimulated with Serra4D for S rrir . the cell lysaves were Incubated wish G5T-P. 
and bound K I a c i i I I ■ 

tive =?-Ras activity was determined by the amount ct R-Ras bound to GST-F 
normalized to the amount of R-Ras In ceil lysates analyzed by MIH Image softw; 
Results are the means ± SEM of three independent experiments. 


lamellipodia extension and averse- cell size vs. WT (P < 0.01 
and P < 0.0001, respectively). 

Mutation of Plexin-BI Inhibits Rac Binding. The increase in cell 
spreading and extension of lamellipodia observed in ceils expressing 
the mutant versions of the protein is a phenotype characteristic of 
Racl activation, WT Plexin-BI binds to RacGTP (11) and seques- 
ters it from downstream effectors such as PAK (25). Most of the 
mutations found in prostate cancer fall within the Rac-binding 
region of Piexin-Bl. We therefore tested the binding of three 
mutant versions of Plexin-BI to RacGTP. We found that the 
T5714C mutation inhibited binding of RacGTP to Plexin-BI, and 
the other two mutations tested, A5359G and A5653G, showed 
reduced binding, consistent with the ccll-sptedding data (Fig. 5c). 

The T5714C Mutation Inhibits Rnd1 Binding. The small GTPase Rndl 
binds to the cytoplasmic domain of Plexin-BI and is thought to 
open up the closed inactive conformation of the cytoplasmic 
domain of Plexin-BI (23). To determine whether mutation of 
Plexin-BI affects Rndl binding, immunoprecipitation assays were 
performed. The Plexin-BI mutants A5359G and A5653G were 
found to bind to Rndl to a similar extent as WT. In contrast, the 


■u: did 


nsd km 


Mutation of Plexin-B1 inhibits R-Ras Binding and R-Ras GTPase- 
Activatirvg Protein (GAP) Activity, We speculated that the increase in 
adhesion and loss of cell collapse seen in cells expressing mutant 
Plexin-BI may result from a chai i naiing through R-Ras. We 
therefore tested the effect of mutations in Plexin-BI on R-Ras 
binding and R-Ras GAP activity. 

Using iminun' pre i r m ^j, \ . found that the mutants 
A5359G, A5653G, and T5714C do not bind R-RasGTP (Fig. 66). 
Consistent with the lack of R-Ras binding, the A5359G and 
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A5652G mutants did i 
RasGAP activi 
(Fig. 6 c and d). 

These results show tiiut the three mutants tested have lost or 
Cousideiabiy reduced their ability to bind R-Ras and inactivate A 
Cells expressing mutant Plexin-B I * ill therefore have an increased 
ratio of active/inactive R-Ras relative to cells expressing WT 
Plexin-BI \mivJ R R,.s , jn Us Utams lesulling in an 
increase in cell adhesion and motility. The finding of a loss of 
R-RasGAP activity for mutant Plexin-BI is therefore consistent 
with our in vitro assays. 

Discussion 

We have found a high frequency of somatic missense muti 
the P!exm-B1 gene in localized and metastatic prostate can 
high proportion, of nonsyn i < i > e |uence changes found im 
plies that these changes contribute to tumoi pi i^i,- t , md u no 
incidental passenger mutations Furthermore, the mutations testet 
altered the function of the Plexin-B 1 piotein, increasing cell mo 
tility, invasion, adhesion, and lantieliipodin extension and deereasinj 
collapse reiative to WT Plexin-BI. The mutations inhibit or In tide 
Racl and R-RasGTF binding and R-RasGAP activity. Overex 
pression of Plexin-BI protein in primary prostate cancers was als< 
seen. Together these i„mi mj_ i i I'lexm-Bl has a role ii 
prostate cancer progression. 

A standard method of identifying oncogenes is to transfect tin 
gene construct into MM I'll ir;d measur tumorigenicity it 
, i ■ IM ' n s ich - ; , tadl dl,.ntk ' . usible Keaus. 


The 


time 


ph 


Hig 


e Met 


nd w 


of Plex 


protein 


P.cx.n B i and Scraa4D are also ovcrcxpresscd. Overexpn 
WT Plexin-B i iti prostate tumor ceils may promote the 
: through activation of c-Mct and ErbB2. The m 
ikeiy to affect the activating pathways medi 
via c-Met and ErbB2, because these proteins 


selec 


t R 


file 


hl;2 


rk u ii dh sioi n < hp i in d iilion i i 

C int incn ? in i II >pi d tu- ,ii;ei\cd n R c,opresdng m 
Plexin-BI relative to vector controls This finding indicates fa; 
mutations may confer a gain of function to the cell in additi 
inactivating inhibitory pathways. 

Some oi the mutations were present in many rumors. The 


requeue 


) the 


Mutational hotspots occur in several other oncogenes such as TP53. 
RAS, and BRAF (28-30). Some of the tumor" samples had up to 
three mutations in the Plexin-BI gene. Different mutations may 
occur in distinct groups of cells or foci. Prostate cancer is genetically 
heterogeneous with many overlapping foci, each with a distinct 
genotype, in one tumor. Up to three different mutations were found 
in the KLF6 gene in single foci of prostate cancer (18), and up to 

I i n i nit iii v e r ii i I ill- ii di ei ^ U i e ii- I IV) It 

present in the same cell, the mutations may destabilize the inactive 
closed conformation formed between the CI and C2 regions of the 
cytoplasmic, domain of Plexin-BI (23). Increasing numbers of 
mutations would have a cumulative effect or. the protein, further 
destabilizing the closed coutonnatioit and offering a greater selec- 
tive advantage to the cell. The frcqucm ol nut lion i Plcx BI 
in primary tumors exceeds the clinical risk of prostate cancer 
metastasis, suggesting that other factors are important i:: addition 
to promote metastasis. 


Because prostate lunuos often contain overlapping foci of dif- 
ferent genoty >c,s and n at m n op i ti cci s t k method used to 
isolate tumor cells for mutation detection is important. Prostate 
cancer tissue isolated by laser capture microdissection (LCM) 
pi i . 1 d UNA of sil.it purttv tor m, a i > i detection by direct 
sequencing. In contrast, tissue isolated by manual microdissection 
provided DNA of lesser purity md nut tions wei > d ted 
by NSCP analysis and ftstriction-enstyme diges-jon, h Is iisely that 
mutation detection In DNA Irom nonmicrodissectcd prostate can- 
cer tissue will prove more problematic. 

Our data indicate that Pic-xin-Bt is one of the most frequently 
mutated genes thus far found in prostate cancer. Plexin-BI is likely 
to be a key player in cancer invasion and metastasis and is a 
potential target for anticancer thesapy. 

Methods 

Tumor Tissue. Tissue was obtained by LCM for the metastases and 
for fresh frozen prostate tissue and by niuiiaai microdissection for 
the paraffin-embedded tissue from primary cancers. Areas of 
cancel were identified b\ t coi su i t h topa ail igisf (A foec- 
man, University College London), Samples were collected with 
local ethical board approval. 

Immimohistoehemistiv S ioi ml ir replicate UVEA blocks of 
85 primaiy pi > r t . icers n S5 npi f oi tonneoplastic 
prostate tissue from the same radical prostatectomies were stained 
with antibodies i i e t> B Ho Vt iliSjiii-:} 
BD Biosciences), c-Met (e-2S: Santa Cruz";-, or with hacmafoxy'iin 
and eosin. The sections were scored blind by a consultant his- 
topatliologist according to the extent and intensity of raining 
Positive staining was defined as unequivocal stair.ingof at least 75% 
of epithelial or cancer cells in at least one of the four coies. 

Screening for Mutations, SSCP analysis was carried out as described 
in ref. 31; see Sf Methods for details. Numbering for the mutations 
is according to GenBank accession no. AB007867. Control DNA 
from unrelated individuals of Caucasian origin was screened for the 
presence of each identified mutation by PCR and restriction 
enzyme digestion (31). See .S7 Methods for details. 

RT-PCR. Real time RT-PCR was performed on an ABI PRISM 7700 
(Applied Biosystems) by using /3-actin as i >i i i i ■! n m nd 

in Vitro Mutagenesis. Plexin-BI in pcDNA3 was kindly provided by 
A. Hall (A. Hall, Memorial Sioan-Kettering Cancer Center, New 
York, NY). The A5359G, A5653G.. T57 1 4C, and C5060T sequence 
changes were introduced using the QuikChange kit (Stratagene). 
Sec SI Meiho, 6 for prim er sc quences. The sequence was checked by 
DNA sequencing, and protein expression was confirmed by West- 
ern blot ail i hi i em:s;j 

Lentiviral Transduction. WT Plexin-BI and the four mutant con- 
structs were cloned into pLenti/V5-D-TOPO, and the sequence was 
verified. Virus, produced in 293FT cells, was transduced into 
HEK293 cells with poiybrene (K pg/nn i. Infected cells were selected 
with blasticidin. Protein expression was confirmed by Western 
blotting and immunocytochemistry. 


Cell Culture. LNCaP, PC3, and DU145 cells were grown in RPMI 
medium 1640 with IOC PCS. rTEK.VO and CO S-7 ceils were grown 
in DMEM with 10% PCS. 

Preparation of Recombinant Sema4D-Fc. The Sema 4D-Fc construct 
was kindly provided by Hitoshi Kikutani (Osaka University, Osaka, 
Japan) in vector pEFBos, Recombinant Sema4D-Fc was purified 
from conditioned medium of COS-7 cells transfected with pEFBos 
(Sema4D-Fc) by using proteinA Sepharose CL-4B beads and was 
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Celf-Substrate-Adhesion and Cell-Spreading Assays. Ceils were plated 
onto the lids of %-well plates (i 10 cells per wcii) oated witl 
_i>ii.;miii .11- i. ■ i pi \\ l,s ii.- v-s It tn m ! .jijt NLnui Ut ( inn 
ng mi;, intubated at 3?G for it: or 30 min, washed v. ith ITS. nxed, 
and stained with OAA ervstal violet. Siamm.i> was measured on a 


plat 


the 


nder 


; performed in triplicate with two different 
. SIM 

hmoIK'uh plated „ iT i e 

), incubated at 37°C for 10 
rain, washed, fixed, and stained with 0.5% crystal violet. Photomi- 
crographs of cells were sized using Andor imaging systems. A 
sin nun 1 _ t \ H d n i s a t ;k i it R ills shown are 
the mean of four independent experiments performed in triplicate 
with two different lentiviral transductions ± SEM, 

Cel (Collapse Assay. COS-7 cells were transiently traiisfected with 
Pi\ n-iil iidkivi ii t ,i 1 mi i l,[i\u,i-D i)0ng/m]) 
for 5 mil', In h after iransrection, Cells were fixed in 4% parafor- 
'iiuliL i n d staineu 1 urmu .1 n i ie with Ple\ it HI 
II v n S in Cruz) and ui m lAEl.U Santa Cruz) antibodies 
and phailoidin-TRITC (Sigma-Aldrich). The degree of collapse 
{percentage ul 11 v, a- determined by sizing trans- 

feet ed ceils us Andoi nil t If I It cells were counted per 
iMOii'Hi - ilt ii ti nan it tin tm \miit \p t u 
meats A SEM. 

Cell-Motitity Assays. 'Time-lapse video microscopy was performed 
24 h after platm- i 1 n mini I I r itmosphere it 
37"C. Images were captured at iO-min intervals over 16 li for each 
cell type. The experiment was independently repeated three times, 
and 20 cells were tracked in each experiment by using Motion 
A, i i ysis (Kinetic Imaging), The average rate of cell migration was 
determined with Mathei i . i ,oi >, i, . \\ . I,,u i Keseaich) 

Invasion Assays. Serut 


DY1EM v 


laced in the t 


(B!> ■ r,. , r m ,1 .1 p i, I , I S „ , II) (UK a- ml) 
F M'M ■-hi., u im v Mud n the lowci chamber. The 
chambers were incubated at 37°C for 24 h. Ceils on the upper side 
were removed, and those on the underside were fixed, stained witli 
crystal violet, and counted by uslnt a microscope. Five independent 
experiments were performed in duplicate. 


GST-B1cyto Purification. The region of Plexin BI cIDNA encoding 
the intracellular domain (ammo acid> I A ; 2-2, 1 35; GenPept acces- 
sion no. NP.AiAoo-i J was amplified by ft K (see Dl imei iecuciiccs 
in SI Methods). The PCR product was cloned into pGEX-4T-3 
(Amersham) by Sail tmd Xhol sites to produce pGEXBlcytoWT. 
Mutations were introduced into pGEXBlcytoWT using 
QuikChange II XL in vitro mutagenesis kit {Stratagene). GST- 
B Icy to fusion proteins were produced in E.Coii'BLll and purified 
with glutathione Sepharose 4B (Amersham). The bound proteins 
were analyzed by Commassie blue staining in SDS/8% PAGE gel. 

Rac-Binding Assays. GST-Picxin PA coated Sepharose beads were 
incubated with IIEK297Tcell lysale expressing constitutively active 
RacL61 or dominant negative RacN17. The bound protein was 
analyzed by Western blot analysis, 

Rndl-Bintfing Assays. GST-Plexin-Rl-coated Sepharose beads were 
incubated with COS-7 cell lysate expressing Rndl. The bound 
protein was analyzed by Western blot analysis, 

R-Ras-Bindmg Assays. COS-7 cells transiently transfected with VSV- 
Plexin-Bl, HA-Rndl and R-RasQL were iysed in cell lysis buffer 
[20 mM Tris-HCl (pH 8,0), 150 mM NaCi, 4 mM MgCI 2 ,l% 
Nonidet P-40, 10''! a - i< 1 mM *MSF m,u'mi ,prot n.ti 10 
Mg/ml leupeptin, and 1 mM DTf] I'hc * ite is ncabated villi 
4 M&'ml of mom - n uri 'od i imlVS hi 1 ! Sigma) for2h 
ar.d subsequently incubated with protein G-Sepharose beads (GE 
Healthcare) for 1 h. The bound protein was analyzed by Western 
blot analysis. 

R-RasGAP Activity. Transiently transfected COS-7 cells were sum- 
da ed with Scina4D oi m n and wdm \ i- buitei [25 
mM Hepes XuOH (pi i 7.5), 150 mM NaCI. 1% Nonidet P-40, 
0,25% Na-deoxychoiate, 10% glycerol. 10 mM MgC! 2! 10 ^g/ml 
aprotinin, and 10 ng/mJ leupeptin], Lysates were incubated with 
75 tig of GST-fused Ras-binding domain of c-Raf-1 and analyzed 
by immunoblotting. 

Statistical Analysis. For cell-function assays, P values were calcu- 
lated using a two-tailed Student's t test, except for Rac binding 
assays, for which a one-tailed test was used. The Mann-Whitney test 
(two-tailed) was used for the immunohistochemistry results. 
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